Introduction
Elite consumers appreciate extra virgin oil's aromatic quality as well as its nutritional properties (Giordano, 2003) . Prenzler et al. (2002) carefully discussed many factors affecting oil volatile profile such as: cultivar, geographic origin, maturity stage of the fruit, processing details and storage conditions and therefore oil flavor. They pointed out there are very few reports on the influence of geographic origin and cultivar on volatile profiles.
Environmental conditions influenced the volatile synthesis and the oil composition (fatty acids, triacylglycerols and phenols) in cv 'Ché toui' oil from different farms in northern Tunisia (Temime et al., 2006a,b) .
According to Cavaliere et al. (2007) , the selection of five volatile compounds from the secondary metabolism of lipoxigenase (hexanal, E-2-hexenal, E-2-hexen-1-ol, 1-hexanol and Z-3-hexen-1-yl acetate) allowed to discriminate between oil quality in relation to their production sites and irrigation regimes applied.
Several works on the influence of the mesoclimate environment on olive oil aromatic composition were carried out in Italy, as follows. In oils from different areas of Lazio (central Italy), the content of oleic and saturated acids turned out to be strongly influenced by the irrigation practice, whereas the content of volatile compounds was affected by the altitude of the cultivation site (D'Imperio et al., 2007) . Head-space analysis by electronic nose/mass spectrometry and pigment analysis by visible spectroscopy have been used to differentiate the geographical origin of olive oils from three different Protected Designation of Origin areas of Liguria (northern Italy) (Casale et al., 2007) . The characterization of virgin olive oils from two distinct geographical areas of northern Italy (Gulf of Trieste and near lake Garda) was developed by Vichi et al. (2003) . The authors analyzed the volatile fraction obtaining significant differences among the cultivars and the environments. Cosio et al. (2006) classified extra virgin olive oils by means of electronic nose distinguishing those coming from the lake Garda region from those coming from other areas such as: Abruzzo, Campania, Sardinia (southern Italy) and Spain. The authors demonstrated the use and the effectiveness of this methodology to classify and/or distinguish oils from a restricted area like 'Garda lake' region. This is a peculiar environment given to the large body of water influencing the climatic conditions and making this area suitable to olive cultivation despite its northern latitude. This region is characterized by abundant rainfall and mild temperatures. Spring and autumn are the rainiest periods, summer is rather cool due to mountains vicinity and winter is mild (Mediterranean climate) (Bassi et al., 2003) . The cultivar influence on flavor of 'Garda lake' oils has been already discussed in a previous work (Tura et al., 2008a) . In this article the influence of the peculiar The flavor profile of extra virgin olive oil is an important quality factor to differentiate the market opportunities and to increase the value of Protected Designation of Origin products. The volatile compounds and sensory notes of 'Casaliva' and 'Leccino' olive oils from 16 olive orchards near lake Garda, northern Italy, were analyzed for three years. Results showed that in this specific mesoclimate the aromatic olive oil quality depends firstly on the year and secondly on the cultivar. 'Casaliva' oils showed a higher content of volatiles (aldehydes and compounds from LOX) and phenols, higher 'green', 'fruity' and 'taste' notes than 'Leccino'. The most effective in separating cultivars were: trans-2-hexenal, cis-2-penten-1-ol, trans-2-hexen-1-ol, total phenols, 'lawn', 'olives' and 'bitter' sensory descriptors. The cultivar Â year interaction also significantly differentiated and characterized quality and typicality of oils. Moreover, this study showed that oils volatile compounds were more significant than sensory evaluation in discriminating the cultivars and the years.
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mesoclimate on the volatile compounds and sensory notes of oils of two major cultivars during three years to assess the influence of cultivar, year and their interaction was carried on.
Materials and methods

Oil samplings
The research was conducted for three years (1998) (1999) (2000) analyzing 59 oil samples from 'Casaliva' and 'Leccino' cultivars in 16 orchards of 'Garda bresciano' area ( Fig. 1) , the south west coast of lake Garda. Trees were from 15 to 20 years old and trained as open vase, spaced 8 m between and 6 m within rows. All orchards were managed with similar cultural practices and not irrigated. All oil samples were obtained from about 10 kg of olives each, hand harvested at veraison stage (corresponding to stages 4 and 5 according to Uceda, 1983 : almost full blackening of the epicarp and flesh still green). Each fruit sample was collected from the same crown sections of three uniform trees for each cultivar and orchard. The olives were crushed within one day from picking with a stainless steel hammer crusher mill and malaxed for 30 min at 28 8C. The oil was extracted by hydraulic press (max 20 MPa) and separated by centrifugation at 2000 rpm. All oils were classified as ''virgin'' because acidity value, peroxide number, K 232 , K 270 and DK were under the limits defined by the Commission Regulation (EC) no. 1989/2003. Due to olive tree alternate bearing, oil samples were not always available every year and in a few cases the oil quantity was not enough to run all the analyses.
Volatiles analysis
The volatile composition was determined following the extraction procedure and GC analysis described in Angerosa et al. (1997) .
Sensory analysis
The sensory evaluation was carried out by three distinct panel groups following the procedures described in Tura et al. (2008a) .
Statistical analysis
Normal distribution of chemical and sensory variables was checked by the Kolmogorov-Smirnov test. When distribution was not normal, the standard deviation was not reported in summary tables. In order to test the significance of the differences among chemical and sensory variables in relation to cultivar and year, data were processed by a general linear model (GLM) which included both factors and their interaction as the sources of variability. Orchard location was not included in the model because significant effects on the studied factors were missing. Year and cultivar averages were separated according to Duncan's multiple comparison test. The magnitude of variability in chemical oil composition and sensory notes was quantified in terms of the expected components of the variance due to the different sources of variation: cultivar, year and 'cultivar per year' interaction.
In order to evaluate the importance and the ability of the chemical and sensory variables to discriminate oils from different cultivars and years, linear discriminant analyses (LDA) were performed by step-wise method separately for chemical and sensory data.
Data processed by the SPSS statistical package (version 14.0 for Window-SPSS Inc., Chicago, IL, 2006) .
Results
The comparison of volatiles composition and sensorial data of oils obtained from different orchards did not show significant differences in both cultivars (data not shown).
Aromatic profiling
To define the influence of cultivar and year on oils, the aromatic profile based on the content of single compounds and the total content of compounds with chemical affinity and/or similar biosynthetic pathway was considered (Tables 1 and 2 ).
The total volatile compounds (see Fig. 1 for orchard identification) ranged from 77.0 mg/kg ('Casaliva' FA in 1998) to 2498.4 ('Casaliva' LF in 1999). Total alcohols ranged from 17.4 mg/kg ('Casaliva' BI in 1998) to 367.7 ('Casaliva' VI in 1999). Total aldehydes ranged from 45.6 ('Casaliva' FA in 1998) to 2115 .7 ('Casaliva' LF in 1999 . Total ketons ranged from 3.2 ('Casaliva' FA in 1998) to 83.1 ('Leccino' FA in 1999) . Considering the volatiles from lipoxygenase pathway (LOX), the total amount of C 5 and C 6 compounds ranged from 6.8 ('Casaliva' FA in 1998 ) to 127.6 ('Casaliva' LF in 1999 and from 59.0 ('Casaliva' FA in 1998) to 2258.0 ('Casaliva' LF in 1999), respectively.
The cultivar was the least important factor in influencing the aromatic compounds content and the effect on total observed variance was minimal, except on the following compounds: 1-penten-3-ol (14.7%***), cis-2-penten-1-ol (15.3%***) and total phenols (22.8%***): Table 1. . 'Casaliva' and 'Leccino' oils were differentiated by discriminant analysis mainly for trans-2-pentenal, trans-2-hexenal, cis-2-penten-1-ol, hexan-1-ol, cis-3-hexen-1-ol, trans-2-hexen-1-ol and total phenols (Table 3 ) (linear function: 2.88 eingvalue, 100% of variance, r = 0.862***; figure not shown).
The years ( Fig. 2 and Table 3) were separated by discriminant analysis mainly for the relationships among 2-methyl-butanal, ethanol, 2-methyl-propan-1-ol, and pentan-1-ol for the first function (20.42 eingvalue, 75.1% of variance, r = 0.976***), and 2-and 3-methyl-butanal and 3-methyl-butan-1-ol for the second one (6.76 eingvalue, 100% of cumulative variance, r = 0.933***).
The compounds highly and clearly affected by year on the basis of the total observed variance were: ethanol (80.4%***), trans-2-pentenal (80.2%***), 1-penten-3-ol (55.3%***), 3-methyl-butan-1-ol (51.5%***), trans-2-hexenal (74.5%***), cis-2-penten-1-ol (51.6%***), total alcohols and aldehydes (56.7%*** and 74.7%***), total C5 and C6 compounds from LOX, in particular from linolenic acid (63.5%***, 73.1%*** and 74.4%***), and total volatiles (74.3%***): Table 1. 'Cultivar Â year' interaction, according to GLM, affected 2-and 3-methyl-butanal (25.0%** and 23.5%**), 1-penten-3-one (27.7%**), cis-3-hexen-1-ol (23.2%**), and total phenols (20.1%**): Table 1. All the oils in 1998 and 'Casaliva' in 1999, according to the LDA, were well separated from 'Casaliva' in 2000 and 'Leccino' in 1999 and 2000 , given the effect of 2-methylbutanal, ethanol, 2-methyl-propan-1-ol and pentan-1-ol for the first function (21.1 eingvalue, 53.7% of variance, r = 0.977***), and trans-2-penenal, 1-pentan-3-ol and trans-2-hexen-1-ol for the second function (9.63 eingvalue, 78.2% of cumulative variance, r = 0.952***): Fig. 2 and Table 3 .
Sensorial profiling
The sensorial descriptors of the oils, expressed in arbitrary units (A.U.), are shown in Table 4 . 'Green' notes ranged from 16.0 ('Leccino' RM in 1998) to 36.5 ('Leccino' VZ in 1998); 'floral' notes from 8.4 ('Leccino' RZ in 1998) to 18.6 ('Casaliva' CO in 1999); 'fruity' notes from 18.8 ('Leccino' RM in 1998) to 37.4 ('Casaliva' FA in 1999); 'taste' notes from 6.3 ('Leccino' VZ in 1998) to 28.5 ('Casaliva' CO in 2000); 'satisfaction' from 0.0 ('Leccino' VZ in 1998) to 31.0 ('Casaliva' LF in 1999) .
The cultivars were separated by GLM for seven sensorial descriptors: lawn (35.9%***), olives (20.2%**), bitter (15.8%*), 'fruity' notes (15.7%*) and satisfaction (27.9%***). Butter (18.1%*) and satisfaction (14.4%*) were influenced by the 'cultivar per year' interaction, while no particular descriptor was clearly affected by the year (Tables 4 and 5) . Even if the eingvalue (by LDA) was inferior to 1, showing a low discriminant ability, nevertheless some descriptors could be highlighted: lawn, leaf and bitter.
About the 'year' effect, 2000 was partially separated by LDA on the first function (1.47 eingvalue, 74.6% of variance, r = 0.772**) mainly for five descriptors: 'olives', 'lawn', 'leaf', 'sweet', and 'astringency' (Fig. 3 and Table 6 ).
Also the 'cultivar Â year' interaction was partially separated by LDA on the first two functions: all oils of 2000 were separated from 'Leccino' and 'Casaliva' of the other two seasons, mainly by Fig. 2 . Oil aromatic profiling from two cultivars: discrimination for year and 'cultivar Â year' interaction (within brackets: percent of variance explained by function; see Table 3 for values and coefficients of discriminated functions).
'lawn', 'olives', 'sweet', 'astringency' and 'satisfaction' for the first function (1.68 eingvalue, 42.9% of variance, r = 0.792**), and by 'leaf' and 'olives' descriptors for the second function (1.13 eingvalue, 71.7% of cumulative variance, r = 0.728*): Fig. 3 and Table 6 .
Discussion
Data on the influence of environment, climate and cultivar on the sensorial profile of olive oils are rather scarce and the findings from the few reports are often heavily biased by experimental Table 3 Oil aromatic profiling: coefficients of discriminating functions for cultivar, year and 'cultivar Â year' interaction (see Fig. 2 Casale et al. (2007) and Cosio et al. (2006) . The lack of significant differences in volatiles composition and sensorial data of the oils from the different orchards found in this trial could be explained by the heavy influence of the lake Garda climate over the limited extension of the assessed area (Fig. 1) . It has to be added that in a preliminary study on genotypeenvironment-year-interaction on 'Garda lake' oils, no significant relations were also found among antioxidants compounds and physical characteristics of the cultivation site, i.e. landscape, altitude, soil depth, texture, available water content (Failla et al., 2002; Tura et al., 2007) . These findings are in contrast with the large variability induced by the localization of the farm on the oils of the same cultivar as reported in Temime et al. (2006a) , even if they failed to describe the environments.
Despite Angerosa et al. (1999) underlined the cultivar as the primary source of volatiles and climate and environment coming in second place, the present data showed the prominent importance of the season. It should be taken in account that in this trial the same maturity index was applied over the years, thus excluding the possible influence of the season on the degree of ripening. A possible sound explanation of the role played in this trial by the season should be found in the diverse weather conditions during olive ripening (see Fig. 1 for thermal and rainfall courses). In 1998 (high rainfall in summer and cool temperatures in spring and autumn, Tura et al., 2008b) there was a general low content of volatile compounds and sensory notes. In 1999 (high rainfall in Table 5 Oil sensorial profiling from two cultivars: comparison among 59 samples for cultivar and year (within brackets: number of samples). a Number of orchards (due to olive tree alternate bearing, oil samples were not always available every year and in a few cases the oil quantity was not enough to run all the analyses). b Rows: values with the same letter are not statistically different at P = 0.05, separately for cultivar and for year. Fig. 3 . Oil sensorial profiling from two cultivars: discrimination for year and 'cultivar 9 Â year' interaction (within brackets: percent of variance explained by function; see Table 6 for values and coefficients of discriminated functions).
spring and autumn) a high content in some volatiles, and sensory notes. In 2000 (a warm spring, a cool summer and winter, low rainfall for all season) a high level of some volatiles, total phenols, and low values of volatiles and sensorial descriptors were shown. Also Vichi et al. (2003) were able to discriminate the same monovarietal oils following their geographical origin, thus underling the effect of the environment over the genetic factor.
Combing the influence of the season to the different volatile and sensorial profile of the two cultivars, the strong 'cultivar Â year' interaction was expected. Indeed, 'Casaliva' oils showed an higher content of volatiles (aldehydes and compounds from LOX) and phenols, higher 'green', 'fruity' and 'taste' notes than 'Leccino', while the latter showed a lower contents and a higher response to the different seasonal conditions (Fig. 2) .
However, it is to be noted that despite oils were well differentiated by their aromatic compounds content, the sensory evaluation often failed to discriminate the oils, even if assessed by three different panels.
Conclusions
This study carried out for three years on two olive cultivars grown in 16 orchards in 'Garda bresciano' area (northern Italy) has shown that aromatic quality of virgin olive oils depends mainly from the year and than from the cultivar. The cultivation sites (orchards) did not affect oil composition and profile. The volatiles content was more important in characterizing the cultivar and/or the year than the sensory evaluation by panel test. This fact points out the importance of determining the chemical composition together with the sensorial profile of oils, even if the latter was not so important in this trial for the characterization and classification of oils according to cultivar and year.
Even if a three-year range could be a limited span of time for general conclusions, in this particular mesoclimatic conditions a warm ripening season as well as sufficient rain in spring and autumn seems to play a positive effect on volatile compounds content and, possibly, to the overall sensorial evaluation of oils.
Moreover, also the interaction 'cultivar Â year' was significant in discriminating the oils. This fact suggests that the differences induced by the year are an essential factor that could be underlined in order to address the marketing of extra virgin olive oils, particularly for Protected Designation of Origin productions.
Finally, these findings should be compared to oils of the same cultivars from other olive growing regions in order to test the influence of different macroclimates and to confirm and/or increase our knowledge on factors influencing the oil quality and appreciation. Notes *Significant at P 0.05. ** Significant at P 0.01. *** Significant at P 0.001. Table 6 Oil sensorial profiling: coefficients of discriminating functions for cultivar, year and 'cultivar Â year' interaction (see Fig. 3 ). 
